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unclear whether 32-mm and 36-mm heads decrease the revision risk in metal-on-polyethylene (MoP) THA compared with 28-mm heads. Questions/purposes (1) In the setting of the Nordic Arthroplasty Register Association database, does the revision risk for any reason differ among 28-, 32-, and 36-mm head sizes in patients undergoing surgery with MoP THA? (2) Does the revision risk resulting from dislocation decrease with increasing head diameter (28-36 mm) in patients undergoing surgery with MoP THA in the same registry? Methods Data were derived from the Nordic Arthroplasty Register Association database, a collaboration among the national arthroplasty registries of Denmark, Finland, Norway, and Sweden. Patients with primary osteoarthritis who had undergone primary THA with a 28-, 32-, or 36-mm MoP bearing from 2003 to 2014 were included. Patients operated on with dual-mobility cups were excluded. In patients with bilateral THA, only the first operated hip was included. After applying the inclusion criteria, the number of patients and THAs with a complete data set was determined to be 186,231, which accounted for 51% of all hips (366,309) with primary osteoarthritis operated on with THA of any head size and bearing type during the study observation time. Of the included patients, 60% (111,046 of 186,231) were women, the mean age at surgery was 70 (6 10) years, and the median followup was 4.5 years (range, 0-14 years). A total of 101,094 patients had received a 28-mm, 57,853 a 32-mm, and 27,284 a 36-mm head with 32 mm used as the reference group. The revision of any component for any reason was the primary outcome and revision for dislocation was the secondary outcome. Very few patients are estimated to be lost to followup because emigration in the population of interest (older than 65-70 years) is rare. A Kaplan-Meier analysis was used to estimate THA survival for each group, whereas Cox regression models were fitted to calculate hazard ratios (HRs) with 95% confidence intervals (CIs) for THA revision comparing the 28-and 36-mm head diameters with the 32-mm head diameters adjusting for age, sex, year of surgery, type of cup and stem fixation, polyethylene type (crosslinked versus conventional), and surgical approach. Results In the adjusted Cox regression model, there was no difference in the adjusted risk for revision for any reason between patients with 28-mm (HR, 1.06; 95% CI, 0.97-0.16) and 32-mm heads, whereas the risk of revision was higher for patients with 36-mm heads (HR, 1.14; 95% CI, 1.04-1.26) compared with patients with 32-mm heads. Patients with 28-mm heads had a higher risk of revision for dislocation (HR, 1.67; 95% CI, 1.38-1.98) compared with 32 mm, whereas there was no difference between patients with 36-mm (HR, 0.85; 95% CI, 0.70-1.02) and 32-mm heads. Conclusions After adjusting for relevant confounding variables, we found no benefits for 32-mm heads against 28 mm in terms of overall revision risk. However, when dislocation risk is considered, 32-mm heads would be a better option, because they had a lower risk of revision resulting from dislocation. There were no benefits with the use of 36-mm heads over 32 mm, because the transition from 32 to 36 mm was associated with a higher risk of revision for all reasons, which was not accompanied by a decrease in the risk of revision resulting from dislocation. The use of 32-mm heads appears to offer the best compromise between joint stability and other reasons for revision in MoP THA. Further studies with longer followup, especially of 36-mm heads, as well as better balance of confounders across head sizes and better control of patientrelated risk factors for THA revision are needed. Level of Evidence Level III, therapeutic study.
Introduction
During the past two decades, the size of the femoral head used in primary THA has increased according to many arthroplasty registry reports [12, 14, 15, 28, [31] [32] [33] 36] . The use of 36-mm heads appears to have stabilized during the past 2 years, whereas the use of 32-mm heads continues to increase and has replaced 28-mm heads in routine THA [31-33, 36, 37] . The primary intention with larger heads is to reduce the risk of THA dislocation. Multiple factors such as sex, preoperative hip diagnosis, approach, choice of implant and fixation, implant positioning, and small head sizes (< 28 mm) have been identified as risk factors for THA dislocation [18, 24, 34] . The use of larger bearings in THA should theoretically reduce the dislocation risk, provided that other risk factors remain constant, because larger heads provide wider impingement-free ROM [3, 9, 11] and greater jump distance [35] .
Several clinical studies [4, 5, 17, 21, 23, 25, 39] have shown a lower dislocation risk in THA with heads of 32 mm or above when compared with 28-mm heads. In contrast, a Swedish Register study found no difference in the revision risk resulting from dislocation among 28-, 32-, and 36-mm heads [18] . Finally, one recent study from the Dutch Register comparing 32-and 36-mm heads found a higher risk of revision resulting from dislocation for 32-mm heads but only when the posterior approach was used [39] .
However, the use of larger metal heads has also been associated with increased volumetric polyethylene wear and taper corrosion [7, 16] , which might be expected to result in increased revisions for other indications [18, 20] . In the Australian Orthopaedic Association National Joint Replacement Registry (AOANJRR), the 13-year survival of metal-on-crosslinked polyethylene (MoXLPE) THA with 32-mm heads is higher than that of larger heads that were revised more frequently as a result of aseptic loosening [1] . Most clinical studies [2, 4-6, 18, 21, 25 ] have compared 28-mm or smaller heads with larger ones, but there is, to our knowledge, only one study [39] comparing 32-mm with 36-mm heads in terms of a compromise between revisions for instability and other indications.
We therefore studied the effect of 28-, 32-, and 36-mm head sizes on primary THA survival in the Nordic Arthroplasty Register Association (NARA), specifically addressing the following questions: (1) Does the revision risk for any reason differ among the 28-, 32-, and 36-mm head sizes in patients undergoing surgery with metal-onpolyethylene (MoP) THA? (2) Does the revision risk because of dislocation decrease with increasing head diameter (28-36 mm) in patients undergoing surgery with MoP THA?
Materials and Methods
We conducted a registry study of primary THAs performed from 2003 to 2014 that were registered in the NARA database, a collaboration among four national arthroplasty registries: Denmark, Finland, Sweden, and Norway. Finland and Norway have a common arthroplasty registry for both hips and knees (established in 1980 and 1987, respectively), whereas Sweden and Denmark have a separate registry only for hips (established in 1979 and 1995, respectively). The collaboration was initiated in 2007 among Denmark, Sweden, and Norway, whereas Finland joined in 2010 as a result of the reorganization of its database. The four registries contribute to NARA with data from all hip arthroplasties registered since 1995. Because there are structural differences among the registries, data are recoded and only data available in all four registries are merged into the NARA database [20] . The completeness of each national registry exceeds 95% (97.5% Danish [12] , 98.3% Swedish [36] , 96.7% Norwegian [33] , and 95% Finnish [15] ).
We retrieved data on all patients registered in the NARA database who had undergone primary THA to treat primary osteoarthritis (OA) with a femoral head size of 28, 32, or 36 mm during the study observation period. Dual-mobility cups were excluded. Because larger than 28-mm heads were rarely used before 2003 (Fig. 1) , we excluded all THAs performed before 2003 (Fig. 2) (Fig. 2) . The group with 32-mm heads was used as a reference. The mean age at primary THA was 70 (6 10) years and 60% (111,046 of 186,231) of patients were women (Table 1) .
Patients had received their hip replacement at various hospitals in the Nordic countries. In the early stage of the study, 28-mm heads were predominantly used. Between 1995 and 2006, dislocation was the second leading cause of revision in NARA with revision frequencies of 23% to 35% [19] . After the introduction of the more wear-resistant crosslinked polyethylene (XLPE), using larger heads to achieve greater THA stability became more acceptable and their use has been increasing annually. By 2010, more 32-and 36-mm heads were used than 28-mm heads, and the latter continued to diminish (Fig. 1) . Different countries used different percentages of these head sizes during the study period (Table 2 ). For example, during the last 4 years, one country used 36 mm in 70% (16,296 of 23,193) of THAs, whereas another country used the 36-mm heads in only 3% (461 of 11, 968) . Despite increasing use of larger heads, only 19 of 214 hospitals (9%) were using 36 mm as the standard head size by the end of the study (Table 3) .
There were also differences in implant designs, type of fixation, and surgical approach used in this study. There were 91 different stems in total, of which the four most common accounted for > 69% in each head size group (Table 1 ). The majority of stems were cemented in the 28-and 32-mm groups, but cementless in the 36-mm group. There were 13 different cups with the four most common accounting for > 55% in each group and a similar distribution of cup fixation as in stems across the groups ( Table 1 ). The posterior surgical approach was used in 52% (52,325 of 101,094) of 28-mm, 62% (35,785 of 57,853) of 32-mm, and 93% (25,379 of 27,284) 36-mm head THAs.
After the primary procedure, any subsequent revision was reported to the respective national registry. This reporting includes revisions performed at the same or any hospital other than the hospital where the patient underwent their primary procedure provided it was within the same country. Although we lack detailed information, it is extremely rare that a patient operated on in a Nordic country will be revised outside their country of birth. Almost all patients return to their native country should they need an acute or subacute revision. In the population of interest (mainly older than 65-70 years), emigration is very rare. Patients were followed until THA revision and were censored at emigration, death, or December 31, 2014, whichever came first. The median followup in our study was 7 years for 28-mm, 2.8 years for 32-mm, and 2.1 years for 36-mm heads with a range of 0 to 12 years for all three head sizes. Despite the dissimilar followup among the groups, common among registries as new designs are introduced, our goal was to identify any potential early concerns associated with the use of 36-mm heads.
Variables, Outcome Measurements, Data Sources, and Bias
Variables extracted from the NARA database included age at the primary procedure, sex, preoperative hip diagnosis (only OA included), year of surgery, surgical approach, head size, implant fixation, bearing type, followup period, and reason for revision. The surgical approach was defined as either posterior or not, because further details were not available in one country. The posterior approach has been identified as a risk factor for revision resulting from dislocation compared with other approaches [2, 18, 39] . However, no major differences, in terms of revision risk, have been shown among nonposterior approaches such as between anterolateral and transtrochanteric [2] or lateral Fig. 2 The flowchart shows how the number of patients included in this study was determined (n = 186,231) after the inclusion criteria were applied to the total number of patients undergoing THA in the NARA database; CoP = ceramic on polyethylene; MoM = metal on metal.
and anterior [30, 39] , making the absence of further details on the specific nonposterior approach less concerning as a possible source of residual confounding. The bearing type was either metal-on-conventional polyethylene or metalon-XLPE. Three authors (GT, JK, MM) had access to all the operations reported to the database for crosschecking data selection. Revision was defined as the exchange or removal of the entire implant or any of its parts. The primary outcome of our study was the risk of THA revision for any reason. The secondary outcome was the revision risk resulting from dislocation. It is known from previous reports [18, 25, 34] that age, sex, year of surgery, surgical approach, fixation type, and polyethylene type affect the revision risk, especially resulting from dislocation, and could therefore affect the surgeon's choice of head diameter. We accounted for these potential confounders in the multiple regression model by adjusting for each of them. Cup size could also affect the surgeon's choice of head size, because larger cups can accommodate larger heads, but detailed information on cup size was not available, which made such an adjustment impossible. Implant positioning also could not be addressed, because no information from radiographs was included in the NARA database nor were patient comorbidities and body mass index.
Statistical Analysis
A Kaplan-Meier analysis was performed to estimate THA survival for each head size group with the endpoints of revision for any reason and revision resulting from dislocation. The survival curves were fairly parallel up to 7 years and then converged. At that time point the number of patients at risk dropped below 200 for the 36-mm group. We chose therefore to censor the analysis at 7 years as a result of nonproportionality occurring after this time (see Figure, Supplemental Digital Content 1). Cox multiple regression models were fitted to estimate the hazard ratio (HR) between the groups during the first 7 years of followup with 95% confidence intervals (CIs). We adjusted for the following: patient age at index surgery, sex, year of surgery, type of cup and stem fixation type, polyethylene type, and surgical approach. If data on any of the variables included in the regression model were missing, we excluded those patients (Fig. 2) . As a result, one of the four registries contributed data only from 2014 because it did not report on surgical approach before that year. The final number of 186,231 patients had complete data of all the variables; hence, no further patients were excluded when the adjusted Cox regression model was applied. The Schoenfeld residuals were plotted against time to test the proportional hazard assumption in the Cox models. The level of statistical significance was set at a p value of < 0.05 in all analyses. A Kaplan-Meier analysis was performed using R software, Version 3.4.4 (R Foundation for Statistical Computing, Vienna, Austria). Hazard ratios were calculated using SPSS, Version 24 (IBM, Chicago, IL, USA).
Results

All-cause Revision
After controlling for potential confounding variables including age, sex, year of surgery, type of fixation, surgical approach, and type of polyethylene, the adjusted risk for revision for any reason was not different between patients who received 28-mm heads and those who received 32-mm heads; however, the risk was greater for those who received 36-mm heads. For patients with 28-mm heads compared with 32-mm heads, the HR was 1.06 (95% CI, 0.97-1.16; p = 0.198), whereas for patients with 36-mm heads, the HR was 1.14 (95% CI, 1.04-1.26; p = 0.007) compared with 32-mm heads (Table 4) . A total of 5226 of 186,231 (2.8%) primary THAs were revised during the followup period.
Revision for Dislocation
After controlling for potential confounding variables such as age, sex, year of surgery, type of fixation, surgical approach, and type of polyethylene, patients with 28-mm heads were more likely to undergo revision for dislocation than were patients who received 32-mm heads, whereas there were no differences between those treated with 32-and 36-mm heads. In this adjusted model, patients with 28-mm heads had an HR for revision resulting from dislocation of 1.67 (95% CI, 1.38-1.98; p < 0.001), whereas patients with 36-mm heads had an HR of 0.85 (95% CI, 0.70-1.02; p = 0.086) compared with 32 mm (Table 4) . There were 1359 (0.7% of 186,231 primary THAs) revisions for dislocation. 
Other Relevant Findings
Because there was no difference in the revision risk for any reason between the 28-mm and 32-mm heads, and we found an increased risk of overall revision for 36-mm compared with 32-mm heads, we performed a supplementary analysis looking at other revision indications. We fitted adjusted Cox regression models for the endpoints of revision resulting from (1) aseptic loosening; (2) periprosthetic joint infection; (3) periprosthetic fracture; (4) pain; or (5) any other reason. The adjusted risk for revision resulting from aseptic loosening after controlling for potential confounding variables such as age, sex, year of surgery, type of fixation, surgical approach, and type of polyethylene was lower for 28-mm heads (HR, 0.77; 95% CI, 0.64-0.94; p = 0.009), whereas the risk was higher for 36-mm (HR, 2.29; 95% CI, 1.79-2.92; p < 0.001) compared with 32-mm heads. The use of the posterior approach and XLPE liners was associated with a lower risk for revision resulting from aseptic loosening, but there were no differences for type of fixation (see Table, Supplemental Digital Content 2). For the rest of the endpoints, there were no differences among the three head sizes (Table 5) .
Discussion
Larger head sizes have increasingly been used in primary THA because some studies suggest that they confer additional stability [3, 9, 11, 35] . Increasing the head diameter from 22 mm to 28 mm has resulted in lower dislocation rates, as reported in several studies [2, 4, 6, 18, 22] and more recent studies highlight the use of a 32-mm or larger head [4, 5, 21, 25, 39 ] to further reduce dislocation risk. This stabilizing effect may occur at the expense of THA survival, however, as a result of complications related to polyethylene wear and possibly taper corrosion, especially in larger MoP bearings [10, 13, 16, 26, 29] . Within the Nordic countries, the use of 32-and 36-mm heads was more common than other head sizes in primary MoP THA during the second half of our study period (Fig. 1) . Most studies use 28-mm heads as a reference when comparing the risk of THA revision among different head sizes, and there is limited evidence relating to the benefits of 36-mm compared with 32-mm heads [39] . In this study, we investigated the revision risk for any reason and revision resulting from dislocation of the 32-mm MoP THA and compared that with 28-mm and 36-mm MoP bearing sizes. We found no difference in the revision risk for any reason between 28-and 32-mm heads, although the 28-mm head had a 67% higher risk of revision resulting from dislocation that would make it a less attractive choice when greater stability is desired. In our adjusted analyses, the 36-mm head size did not prove beneficial, because this size was associated with a 14% increase in the revision risk for any reason, and it did not reduce the revision risk resulting from dislocation compared with 32-mm heads.
Limitations
Our study has numerous limitations. There were differences among the head size groups, because considerably more uncemented THAs performed through a posterior approach and with XLPE liners were represented in the 36-mm group compared with smaller head sizes ( Table 1) . We found that there were also proportionally less females in the 36-mm group compared with the two groups receiving smaller head sizes (Table 1) . This was expected because females tend to have a smaller acetabulum. There were also very few hospitals that generally adopted exclusive use of 36-mm heads by the end of our study (Table 3 ). These two circumstances suggest that surgeons who deliberately used 36-mm heads did not generally overream the acetabulum to fit a bigger cup, but rather chose the largest available head that could be accommodated in a cup suitable for the patient's hip anatomy. Uncemented fixation has been associated with a higher 2-year revision risk compared with cemented fixation in the Nordic countries [34] . The posterior approach is also associated with a higher revision risk resulting from dislocation in most reports [2, 18, 39] . Although we lack further details on nonposterior approaches, it is unlikely that this would affect our results because no major differences in the risk of revision have been demonstrated among the various nonposterior approaches [2, 30, 39] . Despite the fact that sex and cup and stem fixation as well as surgical approach were taken into account in the multiple regression model, the accumulation of disproportionally more uncemented THAs through a posterior approach in the 36-mm group may have impacted this group when compared with smaller head sizes. Although the multiple regression model limited the number of available cases for comparison as a result of subgroups created by each covariate entering the model, it considerably altered the unadjusted results (Table 4) compensating for known confounders and highlighting their importance in the risk of revision for any reason and resulting from dislocation (see Table, Supplemental Digital Content 3).
There was a considerably longer followup for 28-mm heads compared with 32-and 36-mm heads (Table 1) . Because 28-mm heads were used mainly with conventional PE, complications related to PE wear such as late dislocations and late loosening may be evident in this group but not in the 32-and 36-mm groups because of their shorter followup and the more frequent use of XLPE. However, the followup was long enough to capture early implant loosening that may have occurred resulting from undersized uncemented implants, for example. To some extent the discrepancies in followup and type of PE liner were compensated for by adjusting the regression model for year of surgery and type of PE.
We used revision resulting from dislocation as the outcome to study the stability of THA between head sizes. However, this outcome only reflects a portion of unstable THAs, because not all dislocating THAs are revised and closed reductions are not registered in the NARA database. On the other hand, it could be argued that it is the recurrent dislocations necessitating revision that should be measured rather than single dislocations treated nonoperatively taking into account that the threshold for revising an unstable THA may differ among patients, surgeons, hospital units, and countries. The high number of patients and hospitals included in this study makes it unlikely that the indications for revision resulting from dislocation will vary depending on which of the three head sizes were used. In a nonrandomized, observational study such as ours, residual confounding might be present. Surgeons may have selected a 36-mm head when operating on patients whom they perceived to be at higher risk of dislocation. If so, the similar revision risk because of dislocation and the higher revision risk for any reason that 36-mm heads demonstrated compared with 32-mm heads might have been caused by selection bias. However, several hospitals included in the current study routinely use 36-mm heads when cup size permits. The surgeons' preoperative assessment of potential postoperative instability is difficult to study and information about comorbidities with a potential influence on the dislocation risk or any other complication leading to revision is not available in the NARA database. Therefore, as a result of the inherent nature of registry studies, a true causal relationship between head size and the risk of THA revision resulting from dislocation cannot be established based on our data. They can, however, constitute a sound basis for the generation of hypotheses, which might stimulate further research in better controlled studies.
All-cause Revision Risk
We found no difference in the risk of THA revision for any reason between the 28-mm and 32-mm heads. After controlling for potentially confounding variables, the use of 36-mm heads was associated with a 14% higher revision risk compared with 32-mm heads. Somewhat similar results were recently reported from a study in the Dutch Arthroplasty Register [39] , in which 32-mm nonmetal-onmetal THAs had a lower 6-year cumulative revision rate for any reason compared with both 22-to 28-mm (as one group) and 36-mm heads. Our study compared specifically 28-mm with 32-mm heads, because 22-mm heads are no longer in use, in a larger population and found no difference between them. The AOANJRR has also reported a higher HR for revision for any reason in MoXLPE THA performed with heads larger than 32 mm compared with 32 mm [1] . In our study the comparison was between 32-and 36-mm heads excluding larger sizes that are seldom used in the Nordic countries and, if so, mainly in clinical trials. The revision risk for any reason as an outcome measurement was used to assess the safety of larger heads and to measure their potential benefits on the stability of THA against their potential risks. The absence of differences in revision risk in THAs with 28-and 32-mm heads indicates that 32-mm THA probably had a higher revision rate for reasons other than dislocation (as discussed subsequently), which was balanced by its reduced risk of revision resulting from dislocation compared with 28-mm THA. Accordingly, our results indicate that THAs with 36-mm heads were also revised more frequently for reasons other than dislocation (also discussed subsequently) compared with 32-mm THA. The transition from 28-to 32-mm heads in MoP THA in the Nordic countries was therefore not associated with any change in its overall revision risk, whereas an increase to 36-mm heads was associated with a slightly higher revision risk. This could reflect the use of more uncemented implants and their associated higher 2-year revision risk [34] , as head size increased, especially in 36-mm heads, although the regression model was adjusted for implant fixation. We are unable to determine whether this finding is caused by some inferior properties related to an articulation with a 36-mm head, selection bias, or other yet to be determined factors. Longer term studies with improved control of patient-related risk factors for THA revision, perhaps including American Society of Anesthesiologists (ASA) grade, and investigating outcomes other than revision are needed to further investigate this issue.
Revision for Dislocation
After controlling for confounding variables, we found a 67% higher risk of revision resulting from dislocation in THAs performed with a 28-mm head compared with 32-mm heads. Further increase in head diameter to 36 mm had no obvious additional effect on the risk of revision resulting from dislocation. Several studies have compared the risk of revision resulting from dislocation among THAs with different head sizes [4, 18, 25, 39] (Table 6) . Although there were differences in the confounders that regression models were adjusted for in these studies, findings in general have been consistent with a higher risk of revision resulting from dislocation when 28-mm [4, 25] or 22-to 28-mm heads [39] were used compared with 32-mm heads. Three of the studies mentioned [4, 18, 25] come from registries participating in NARA. Our study does not simply summarize previous reports but provides new and contemporary data about the use of 28-, 32-, and 36-mm MoP bearings, because of its more recent observation time and increased statistical power resulting from its large sample size. The Norwegian and Finnish studies [4, 25] did not provide any comparative data between 32-and 36-mm heads, because the former, extending up to 2000, did not include 36-mm heads and the latter, extending up to 2010, used 28 mm as a reference. The Swedish study [18] extended to 2010 but did not find any difference in the risk of revision resulting from dislocation between 28-and 32-mm or between 28-and 36-mm heads. One study [39] from the Dutch Register has reported a lower risk in 36-mm compared with 32-mm heads but only when the posterolateral Volume 476, Number 12 No Advantage for 36-mm vs 32-mm MoP THA 2375 approach was used. By setting 32 mm as the reference, our study could provide comparative data both between 28 and 32 mm as well as between 32-and 36-mm heads in a larger setting of patients allowing adjustments for all major surgical factors confounding the outcome, including implant fixation and surgical approach. The higher revision risk resulting from dislocation that we report for 28-mm heads compared with 32-mm heads strengthens the evidence provided by previous reports about the stabilizing benefits of 32-mm heads. However, we were not able to show any further risk decrease with 36-mm compared with 32-mm heads despite adjustments in the regression model. The reason for this may be that larger heads were preferred in patients with an anticipated higher risk of dislocation, thus resulting in a selection bias. Another possible explanation could be the disproportionally higher representation of uncemented implants and posterior approach in the 36-mm group creating additional risk factors for THA dislocation that could not be compensated for by the adjustments in the regression model or any potential stabilizing effect of 36-mm heads versus 32-mm heads. If this is true, it could be argued that increasing the bearing size from 32 to 36 mm in MoP THA with the goal of achieving THA stability is less important than avoiding other risk factors for revision such as uncemented fixation and posterior approach.
Other Findings
In a supplementary analysis, our data indicated that THAs with 32-mm heads (versus 28 mm) and 36-mm heads (versus 32-mm heads) were revised more frequently for reasons other than dislocation. We found a greater risk of aseptic loosening with larger head sizes and the difference was considerably greater between 36 and 32 mm than 32 and 28 mm ( Table 5 ). The posterior approach was associated with a lower risk of aseptic loosening possibly because of the improved exposure for stem alignment that this approach facilitates. Because of the relatively short followup in our study, especially for 32-(median, 2.8 years) and 36-mm heads (median, 2.1 years), it is difficult to explain this association in terms of PE wear related to the use of larger heads [26] . Because uncemented stems were overrepresented in the 36-mm head group, we could theorize that failed osseointegration related to undersized stems could have led to early revisions that were classified as loosening. However, there was no difference in the adjusted risk of aseptic loosening between cemented and uncemented stems (Supplemental Table 1 ). The combination of a thin polyethylene insert and increased frictional torque in larger MoXLPE bearings [29] that can be transmitted along the bone-implant interface might also explain the increased risk for aseptic loosening. Another potential explanation could be implant loosening related to taper corrosion. Although mainly observed in large metalon-metal THA constructs, taper corrosion has also been reported in MoXLPE THA [8, 38] . It is possible that the higher frictional torque that has been reported in 36-to 40-mm MoXLPE bearings compared with 28 to 32 mm [29] is transmitted along the head-taper interface, leading to taper corrosion [10, 13, 27] . Finally, selection bias related to comorbidities and activity level could deter the use of larger heads in the NARA database. For example, elderly and more diseased patients with poorer bone quality may have received a larger head in an attempt to reduce the dislocation risk, albeit acknowledging that the threshold for revising such patients is generally high. Similarly, younger and more active patients may also have received larger heads to be provided a wider range of hip motion and lower dislocation risk, but be at higher risk for revision secondary to aseptic loosening in a population in whom surgeons would be less reluctant to revise. Because we lack data on both comorbidities and activity level, we were not able to adjust for these potential confounders.
We conducted a large registry study and were able to show differences in the risk of revision among 28-, 32-, and 36-mm heads in MoP THA with higher precision than in most previous studies using a well-defined multiple regression model. We could not demonstrate any benefits with 32-mm heads compared with 28-mm heads in terms of all-cause revision risk. However, our findings would still support the use of 32-mm heads rather than 28-mm heads when surgeons base their choice of head size on anticipated dislocation risk. The use of 36-mm heads was not associated with additional benefits in terms of further reduction in the dislocation risk. On the contrary, it was associated with an increased revision risk resulting from aseptic loosening compared with 32-mm heads, but there are some caveats. Because of inherent limitations in registry-based studies, further studies with longer followup and improved control for confounders are needed to further investigate the importance of head size in THA. However, based on the findings in this multinational registry study, we would encourage surgeons to favor 32-mm heads in routine MoP THA, because they appear to provide the best compromise between stability and overall implant survival.
